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Abstract: A high-speed serial bus that integrates well with "most IEEE standard 32-bit and 64-bit parallel 
buses, as well as such nonbus interconnects as the IEEE Std 1596-1992; Scalable Go he rem -I nterfae^-i^ spec- 
ified. It is intended to provide a low-cost interconnect between cards on the same backplane, cards on other 
backplanes, and external peripherals. This standard follows the IEEE Std 1212-1991 Command and Status 
Register (CSR) architecture. 
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(informative) 

Cable operation and implementation examples 
E.1 Timing formulas for cable environment gap control 

When configuring the cable topology, there are three primary ways to increase Serial Bus performance. All methods are 
dependent on the topology implementor and the ability of the Bus Manager to optimize for that topology. 

a) Reduce the number of hops 

b) Put nodes of the same speed capability next to one another 

c) Optimize the gap_count for the Bus Manager for the current system configuration 

Items a) and b) are only dependent on the topology implementor and are beyond the control of the bus management soft- 
ware. The third item is controlled by the bus management ^ofiware- Setting the gap_count to its optimum value should be 
done to increase the efficiency of the Serial Bus. In the fpllowin^paragraphs the purpose and value for the gap.count are 
explained. / .^^'^'^ X 4 

The gap_count ensures that all nodes on the bus^ seethe appropriate 1 gap times. For example, in a cable topology where 
there are 16 hops from one end of the Serial Bus uTthe other, the signal propagation delay is significant. With a gap.count 
of 1. a subaction gap time is just 0.44 us,^nd art arb reset gap is 0.84 ps. If the propagation delay is greater than the arb 
reset gap time minus the subaction gap^time^.40 jis). then the node that released the bus (beginning its gap timer) will 
see an arb reset gap before the node that is l&hops away sees a subaction gap. This can cause the asynchronous bus band- 
width to be allocated unfairly. The following^example demonstrates tlje* importance of optimizing the gap.count and 
reducing the number of hops to increase the SerjahBus performance. ^ y 

This example assumes the following: t ^ ^ 

\ / . 

— All timing constants and formulas are from tables 4-32, 4^33^ and 4-34. 

— SI 00 transfer rate 

— Asynchronous transfer — ■ «* • — . 

— 512 bytes data, 24 bytes overhead 

— Cable velocity of propagation of 5.05 ns%;a* specified in 4.2.1.4.3 

— Cable assemblies of 4.5 m as specified in 4.2.1.2.2 

The last two assumptions result in a single- hop cable delay of 
Cable Delay = 4.5 m • 0.00505 u.s = 0.022725 us 
Sending of a packet can be divided into four phases: 

1) Arbitration (Arb Phase) 

2) Data transfer (Data Phase) 

3) Acknowledgment (Ack Phase) 

4) Between packet gap times (Gap Phase) 

E.1.1 Arbitration phase 

Arbitration delay is the delay that all nodes have>to wait before starting arbitration. This value varies with the gap_count. 
arb.delay = gap.count • 4/BASE_RATE 
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Table E-1 — Arbitration delays 



gap. count 


Minimum ari> delay 
(US) 


Maximum arb delay 

(M*) 


1 


0.04068 


0.04094 


10 


0.40686 


0.40942 


20 


0.81371 


0.81388 


30 


1.22057. 


1.22082 


40 


1.62743 


1.62777 


50 


2.03429 


2.03471 


63 1 2.56321 


2.56373 



V 7. " e 7~*"s ""V pren * m aonc In Parallel on the bus. ARB SPEED Sin NT at ctadt v . 

signaling leads the data prefix. In the minimum case so^H cion a ii«„ ~ START 18 **** that speed 

From table 4-32: minimum case, speed signaling is more time consuming than the data prefix time. 

-0.02 yis < ARB_SPEED_SIGNAL_START 
0.10 \is < SPEED_SIGNAL_LENGTH < 0.12 |ts 
0.04 lis < DATA__PREFIX_TTME < 0.16 jis 

MAX_DATAJPREFIX_DELAY is the maximum deiav betw^n th+ * 

being sent by that node. This delay is multipl^^^ at a node and the same data prefix 

delay. The total arbitration phase time varies with the gap cZTInd ^ the system 
lowing formulas were used to calculate rhis time: ap - C0Unt and lhe """iber of hops (N) ,„ the bus topology. The fol- 

Minimum Case: 

Arb Phase Time = 

(Cable Delay . N) + arb.delay + SPEED_SIGNAL_LENGTH 
Maximum Case: 

Arb Phase Time = . . 

(Cable Delay . N) + arb.delay - (-ARB_SPEED_SIGNAL START) + 
DATA.PREFIX.TIME + (N M AX_DATA_PREFIX_DELAY) 

Table E-2— Total arbitration phase time (us) 



gap_count 


Minimum 


Maximum 
1 hop 


Maximum 
8 hops 


Maximum 
16 hops 


1 


0.1434 


1.8558 


3.0119 


4.3332 


10 


0.5096 


2.2221 


3.3782 


4:6994 


20 


0.9164 


2.6290 


3.7851 


5.1064 


30 


1.3233 


3.0360 


4.1921 


5.5133 


40 


1.7302 


3.4429 


4.5990 


5.9202 


50 


2.1370 


3 8499 


5.0060 


6.3272 


63 


2.6659 « 4.3789 


5.5350 


6.8562 
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The packet transmission time is based on an asynchronous block write request with a data packet size of 512 bytes and 24 
bytes of overhead. 

Packet Transmission Time = 

(512 +24) -8 /Base Rate 

giving 

43.6153 \xs < Packet Transmission Time < 43.6242 jis 

MAX_PHY_DATA_DELAY is the maximum delay between the data arriving at a node and the same data being sent by 
that node. This delay is multiplied by the number of hops in the topology to find the worst-case system delay. 

Data Transfer Phase Time = 

(Cable Delay - N) + Pkt Transmission Time + MAX_PHY_DATA_DELAY • N 



XPHY.E 



The results from this formula can be found in table E-3/ s. 

Table E-3 — Total data transfer phase time 



N - number 
of hops 


Mininum 
(us) 


Maximum 
(us) 


1 


43.638 


43.789 




43.797 


44.942 




^ 43.97^ 


" 467260 



E.1.3 Acknowledgment phase x ^ 

The Acknowledgment phase consists of the acknowledge gap time, AGK_RESPONSE_TIME, and the acknowledge trans- 
mission time. The acknowledge gap lime is the time betweeVthe end of a packet and the beginning of the acknowledge: 

0.04 us < acknowledge_gap_time < 0.05 us 

The ACK_RESPONSEjnME is the time between reporting the end of a packet (DATA_END) and the acknowledging 
link layer requesting arbitration to send the acknowledgment. 

0.05 us < ACK_RESPONSE_TIME < 0. 1 7 lis 

There are 8 bits in an acknowledge, so the ack transmission time is 8 / BASE_RATE: 
0.04 us < Ack Transmission Time < 0.05 us 
The total acknowledge phase time is 
Ack Phase Time = 

ack gap + (ACK_RESPONSE_TIME - acknowledge_gap_time) + (Cable Delay • N) + ' 
Ack Transmission Time + M AXJPH Y_DATA _DEL AY N 
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Hie res u Irs from this formula can be found in table E-4. 

Table E-4 — Total acknowledge phase time 



N - number 
of hops 


Mininum 

(Ms) 


Maximum 

Gis) 


1 


0.1541 


0.4161 


8 


0.3132 


1.5692 


16 


0.4950 


2.8870 



E.1.4 Between packet gap times 

In this phase, the time required for the subaction and art, reset gaps is determined for various value of gap.count. 

(27 + gap.count - 1 6)/BASE_R ATE S subaction gap S (29 + gap.count - 16)/BASE RATE 
(51 + gap.count • 32)/BASE_RATE S arb reset gap < (53 + gap.count - 32)/BASE_RATE 

n?^! IT*?* S ^? tion ga P ,hrou 8 h ** •* res « 6^ for an asynchronous write request with 512 bvtes of d a ., 
^ COmSP ° ndin * * «» «■"■ B-5. The to tt ,? m e ^tSSJS^Z 

Total time = 

Arb Phase + Data Transfer Phase + Ack Phase + subaction gap + arb reset gap 

Table E-5 — Total time from subaction gap through arb reset gap 



gap-count 


Minimum 


1 hop 

(US) 


Maximum for 
8 hops 

(us) 


Maximum for 
16 hops 

(us) 


1 


45.21720 


47.40620 


51.02751 


55.16615 


10 


50.18198 


52.16743 


55.78874 


59.92738 


20 


55.26663 


57.45768 


61.07899 


65.21763 


30 


60.55580 


63.24211 


66.36924 


70.50788 


40 


65.84498 


68.69709 


71.65950 


75.79813 


50 


71.13416 


74.15206 


76.94975 


81.08839 


63 


78.01008 


81.19412 


83.82707 


87.96571 



Table E-5 illustrates the importance of setting the gap.count to an optimum value. To do this it is imoortant th a » ,s 
worst-case topology be realized for the number of hops in the system. important that the 

For example: A system has 16 hops. Node_l is 16 hops away from Node 16, and Node 1 is root and c- a 

packet during this fairness interval. When Node.l releases the bus (starting iK cap tirnert thT?^ ? * n<>,her 

topology, reach.ng Node_16 some propagation delay time iatcr (Propl? No£ ^6 cTl^^^ZZ^^ 
..on gap plus arb.de.ay (note ,ha, .he gap timer for Node 1 has advanced to subactioTgap A 5 *^" 
.ration signal for Node 16 now propagates through the toooloirv r M rhJ n . m~i» i *™_oelay.+ Propl). The arbi- 

(Pro P 2). The total de.ay .ime seen' by Node.l is ^p, TS£^SL £L? 1? ^ T" 

to be less than the arbitration reset gap; otherwise. Node., can arbitrate £ JnKNES ItaLJlS 

needs to be set to value where the (arb reset gap - subaction gap > Prop. + Prop2). nerefore. the gap.count 

Total propagation delay = Propl + Prop2 = N - 2 • (Cable Delay + M AX.PH Y_D ATA.DELAY) 
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With the total propagation delay known, it is now possible to select the appropriate gap_count for the number of hops by 
using the following formula: 

arb reset gap - subaction gap > total propagation delay 

The resulting table of gap_count values is given in table E-6. 

Table E-6 — Calculated gap counts 



Maximum 
number 
of hops 


Total propagation 
delay 
(Ms) 


G ap_cou n t 


1 


0.3295 


1 


2 


0.6589 


4 


3 


0.9884 


6 


4 


1.3178 


9 


5 


1.6473 


12 


6 


1.^767 

■i * 


14 


7 


'2.3062 ' 


17 


8 


2.6356 


2() 


9 


2.9651 


23 


10 


3.2945 


25 


II 


3.6240 


2ft 


12 


3.9534 


31 


13 


4.2829 


33 


14 


4.6123 


" ~36 


15 


.. _ 4.9418 ^. 


39 


16 




42 



E.2 Cable environment jitter budget 

Tables E-7 through E-9 give the jitter budget for the three cable PHY data rates. These can be used to compute the jitter 
margin for each data rate using the following formula: 

(Bit cell time - (Data jitter + Strobe jitter + Skew)) = Margin 

Table E-7 — S100 jitter budget (ns) 





Data jitter 


Strobe jitter 


Skew 


Transmitter skew 






0.4 


Transmitter jitter 


0 80 


0.80 




Cable reflections 


0.13 


0.13 




Cable inters ymbol 


0.1 


0.1 




Cable delay mismatch 






0.4 


Channel margin 


0.05 


0.05 




Jitter at receive pins 


1.08 . 


1.08 


0.8 


Receiver offset 


0.5 


0.5 


0.2 
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Table E-7 — S100 jitter budget (ns) (continued) 





Data jitter 


Strobe jitter 


Skew 


Receiver intcrsymbol and 
power supply rejection 


0.5 


0.5 




Flip flop setup and hold . 


1.0 


1.0 




Total 


3.08 


3.08 


1.0 


£ S100 rate is equal to (10.17- 

Table E 


(3.08 + 3.08 + 1.0) = 3.01 ns. 
-8 — S200 Jitter budget (ns) 






Data jitter 


Strobe jitter 


Skew 








0.15 


Trancmi tl^r ii tl&r 


0.25 


0.25 




v-aoie rcnecuons 


0.08 


0.08 




Cable intersymbol 


0.12 


0.12 




Gable delay mismatch 






0.4 


Channel margin 


0.05 


0.05 




Jitter at receive pins 


0.50 


0.50 


0.55 


Receiver offset 


0.25 


0.25 


0.1 


Receiver intersymbol and 
power supply rejection 


0.25 


0.25 




Flip flop setup and hold 


0.5 


0.5 




Total 


150 | 1.50 


0.65 


S200 rate is equal to (5.08 — | 
Table E- 


150 + 1.50 + 0.65) = 1.48 ns. 
9 — $400 jitter budget (ns) 






Data jitter 


Strobe jitter 


Skew 


Transmitter skew 






0.1 


Transmitter ji tter 


0.15 


0.15 




Cable reflections 


0.035 


0.035 




Cable intersymbol 


0.13 


0.13 




Cable delay mismatch 






0.4 


Channel margin 


0 


0 




Jitter at receive pins 


0.315 


0.315 


0.50 


Receiver offset 


0.14 


0.14 


0.05 


Receiver intersymbol and 
power supply rejection 


0.1 


0.1 




Rip flop setup and hold 


0.2 


0.2 




Total 


0.755 


0.755 


0.55 



The margin for the S400 rate is equal to (2.54 - (0.755 + 0.755 + 0565) = 0.48 ns. 

E.3 Cable PHY configuration example 

l^^^::^T [led CXamPlC ° f ,hreC PhaSCS ° f C ° nfi8Urin8 ' Cab,C enV ' r °~ «■» inuia.iza.icn. tree 
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